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: INTRODUCTION 


Most of the observable phenomena along a coastline are 
the direct result of the action of the incoming waves, 
waves which begin in most instances as a disorganized con- 
fused state of The ocean surface, produced by a storm far 
at sea. In their Transit across the vast expanse of the 
ocean, they begin to sort themselves out and form a somewhat 
Paar Oscillanrion of The ocean surface, the lower frequen- 
cy oscillations traveling faster and thereby leading The 
mec. This train eventually ends by encountering a beach, 
where its energy is expended in the form of breaking waves. 

Since it is this aspect of the wave'ts Jife cycle that 
influences man the most, considerable effort has been ex- 
pended investigating this area. Among other effects, it has 
been observed That waves, in the process of shoaling and 
eventual breaking, produce a variation in the mean sea |/evel. 
This variation in sea level has been considered as the pri- 
fieny Cavise for such nearshore Currents as rip curren7ys. The 
Bea olispaeemvariadt|On Consists Of: (a) a gradual depression 
of the mean sea level beginning offshore and reaching a maxi- 
mum at the breaker J|ine and (b) inside the surf zone a slope 
of mean sea ievel which increases and extends shoreward To 
a point on the beach higher than the still water line. The 


depression is termed set down and the slope is called set up. 
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Rec coma oe ro expec; that variarions in the amount of 
Songevwneor sen Up along a beach can provide the head To 
Meocdtuice a current. 

Previous investigations have considered steady state 
solutions. Experimental results obtained by both Bowen 
[1967] and Van Dorn [1976] agree quite favorably with the 
Steady state solutions produced by Longuet-Higgins and 
Stewart £1962] using linear wave theory. 

fteominvesniganion Considers an application of a simple 
wave spectrum to the existing theories in an attempt to ob- 
Tain a non-steady solution for The set down and set up 
phenomena. An opening chapter on background is provided To 
ensure the necessary understanding of the existing theories 
and their development. Included is a section on The develop- 
ment of the "radiation stress tensor", a concept which was 
proved useful by Longuet-Higgins and Stewart [1962] in 
Treating the shoaling process of waves. 

Chapter ||11 deals with the application of a simple 
spectrum to the derivation of set down and set up. First 
Reco teieemeah theory and tirst order theory including a slop- 
ing bottom are used to describe the spectral wave components. 
The fina! chapters conclude with a comparison of the steady 
state solutions produced by the earlier work and the unsteady 
results obtained here. The numerical results are compared 
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with the results for the steady case given by Bowen [1967]. 
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ll. BACKGROUND 


Changes in mean sea level near a shoreline have been 
Siuldied both Theoretically and experimentally. A tTheoreti- 
cal framework was formulated by Longuef-Higgins and Stewart 
[1962, 1963, 1964] which dealt with the excess momentum 
flux due to the presence of unsteady wave motion and which 
they termed "radiation stress". Longuet-Higgins and 
Stewart were able to define many of the shoaling effects of 
a train of waves including wave set down and set up utiliz- 
ing this radiation stress concept. This chapter reviews 
the development of the radiation stress tensor and its re- 
lationship to the concepts of set down and set up. It also 
includes a direct approach used by Longuet-Higgins [1967] to 
derive an expression for set down utilizing the vertical 


momentum equation and the Bernoulli equation. 


pee Se eOPMENT OF THE RADIATION STRESS TENSOR 

since the approach of Longuet-Hiagins and Stewart is 
rather lengthy and tends to obscure the concepts involved, 
fie labereand more systematic approaeh by Phillips [1966] is 
used. The development of the radiation stress tensor and 
the resulting phenomena of set down and set up is kept as 
general as possible. The coordinate system is given by 
Figure (|) where the x-axis is perpendicular to the shore, 


The y-axis is parallel to the shore, and the z-axis its 


Le 








PLAN VIEW 


PROFILE 


VUES A 
BEACH oS YY 
~< ~  @ 
SS x Pa =e 
a N 
N 
“ 
~ 


FIGURE 1: Coordinate System 
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yomunmea | Vy upward trom the still water level. The govern- 
ing equations are the continuity equation and the hori- 
zontal momentum equations. 


The continuity equation is given by 
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micowel, 2 freter fC fhe x, y components. The horizontal 
meloc ity U, is composed of a mean flow component, Us, and 

a fluctuating component representing the deviation from 
mean flow, Ul, such that u; = U; a os Since there is 

no mean flow in the vertical, w= w',. Multiplying the con- 


fini try equation by Us and adding this result to the hori- 


Zontal momentum equation 
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Integrating over depth from -h to n, using Leibnitz's rule 
and applying the kinematic free surface and bottom boundary 


condition yields 
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By time averaging This equation term by term and by making 


The following definitions 
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The following expression is obtained: 
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The first term on The left hand side is the local change in 
pomlzonral momentum flux. In the braces, The first term 
represents the momentum flux produced by the steady state 
flow. The last three terms in the braces contain all the 
unsteady contribuTfTion fo the momentum flux with the hydro- 


STatic effect subtracted out; this is the momentum flux due 
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to the unsteady motion or The excess momentum flux referred 


Homacuiier radiation stress tensor: 





n MoM, | _ 5 
co [ou,'u,'+po, .]dz - —— - 5 ee) (Cast oo. ae 
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(6) 
Equation (5) is then simplified To 
a (et eS} = T. + R (7) 
ot of ox a i j (ie ” 
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qT; represents the horizontal! force produced by the slope of 


jee tree surface and is given by 


T, = = pg(nth) Lie (8) 
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Meerde the surf zone it is assumed n << -—h and (8) reduces 


iO 
: an 
a = ogh Ox, : (9) 
R is the averaged and integrated frictional stress term. 
These equations are general and apply to all kinds of steady 


and unsteady motion. The only simplifying assumpTion is 
That mean flow is uniform over deoth. The advantage of us- 
ing the "radiation stress" technique to solve physical prob- 
lems is that the second order effects are obtained using 


mirst order theory. 


B. WAVE SET DOWN 
To present the concept of set down, consider only The x- 


component of horizontal momentum flux equation (7) wich 


pls. 
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waves that propagate shoreward from deep water with their 
crests making an arbitrary angle @ with the shoreline. For 
Simplicity, the bottom is assumed to be composed of parallel 
Somers sO tMat Gradients in the y-direction are zero, The 
bottom slope is allowed to vary only gradually so that 

energy reflection from The shoremay be neglected and the 
Shoaling effects caused by changes in The bottom can be con- 
sidered in a step-like fashion. By neglecting the frictional 
effects and assuming that any current gradient in the x- 
meseeetion is small, (7) can be wriften oor outside the surf 


Zone as 


S18) 








aM 37 eo 
acl) oe °° ox 


~we 


Since (10) is an equation in two unknowns Se anid ne 
a second equation is required for a solution. To provide 
it, the continuity equation, (1), is vertically integrated 
Seemedepin bY ihe use of Leibnitz's rule. This produces The 
conservation of mass flux equation as given by Phillips 


Mioeliwhere gradients in the y-direction are zero. 
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Utilizing linear wave theory, the radiation stress tensor 
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Is proportional to the square of the local wave amplitude, a, 
Or TO fhe Total energy. Therefore, following the method of 


Longuet-Higgins and Stewart [1962], the applied force of The 
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ewe clomwinnn une speed of The energy, i.e., at the 
deol velocity, aoe Hence the transformation d/dat + 


fe 0/8x = 0 can be applied. Equations (10) and (II) become 
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aM 7 
ae a “9g Bx = 0 A ales) 
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an _ | | J. ‘age 
ox oO Zz 0x : 
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E canes ae ce 


Saime 6 *~ Oiiiesmicimowevcanwem., equation (15) is a non- 
steady state solution which implies that the mean water 
level increases negatively without bound as the wave moves 
into shallow water. The explanation offered by LongueTt- 
Higgins and Stewart [1962] for this apparent resonant condi- 
Tion is that its effect takes time to build and the energy 
involved is dissipated prior to it reaching any significance 
by the breaking of The wave. 

By imposing steady state conditions and describing The 
unsteady motion using linear wave theory, Longuet-Higgins 
and Stewart [1962] subsequently developed the following situ- 


apron for n: 


Clee: 
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This is a second order equation in terms of the local depth, 
amplitude, and wave number. Ivy iS apparent that as the wave 
train approaches the point of breaking, n decreases and there 
is a set down of the mean water level. The set down in- 
creases to the point where the wave breaks and other assump- 
fmbens tegarding n must be apolied. 

Longuet-Higgins [1967] also derived this solution in 
another manner without referring to the radiaTion stress 
Term. By integrating the vertical momentum equation over 
depth and time averaging, the total average vertical momentum 


Poeobtained: 


= a - _ 
(Dp - pw eG Saige =! Om <. (17) 
A second equation used is Bernoulli's integral 
| 2 Z 2 Od _ 
Bet z pu, cts ay Coe Ozer of ces Om, OS) 


with the restriction that the flow be irrotational. S8y set- 


Ting z = 0 and Time averaging, (18) becomes 


Peep te CU FG + WM #+C=O0, (19) 


Miter ec iS at most a constant. From (|I7) and (19), ee 


can be eliminated giving 
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From this, the difference in mean sea level is obtained at 


myoralnrferent points (xX), Yye QO) and (Xo, Yo» QO) thereby 
Seiminearing rhe constant C, 
- - 2 - 2 ~2 | 
=s = —, + -_ 
An 26 Cay a, W ) 20-2 Zl 
The velocities are expressed applying Iinear wave theory us- 
mg the following relationships: 
mcime ose 7 a 
UL Sana a SOcihecez=n cost kx -oTte) , 
Ser sine : t_ 
He Seay Cocco =i) Cos Kx '=-O1te) , (22) 
a einen) sintkx'’=ot+e) 
Sinn kh eee ee! 
hipemee x’ = x COS® + Y Sina and € denotes an arbitrary con- 


eam? pmease angle. Substituting equations (22) into the 


mrenme mand Side of (Zi) yields 
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ee oe zs 
g Y 4g sinh” kh 
and the difference in mean sea level is then obtained as 
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An = 2sinh sKh2 : a 


nS 


ie aa 

i} _ -_ i +4 a° ome 4 
‘ _ . ’ 

‘7 7 | “4 : = 46 

a 

a - 4 
Ta 

| 
i) : 7 

I 

7 “ 
. 7 at 
, 

a 

: 





By assuming the point (X5, Yo: eats wn infinitely deep 
water so that No —Omeane value foren at the point (xX), Yy> 


0) becomes 
G25") 


fms solution is very simple and straightforward, with the 
Same assumptions as before applying to the bottom slope 
amererocal depth ho This solution is plotted in Figure (2) 
Mbpmerne Strong Correlation to laboratory results given by 
Bowen, Innman, and Simmons [1968]. 


As waves progress shoreward they Travel from deep water 


to shallow water. The transition in the linear equation 
can be made by utilizing the conservation of energy flux 
ce re = constant). However, when a wave approaches the 


femimeot Dreaking, the wave steepens beyond That allowed by 
linear theory and another approximation must be made. a 


is assumed that at breaking 


HO = yh, , (26) 


where Y IS a proportionality constant which is generally 
assumed to be equal to 0.78 borrowed from solitary wave 
theory. Then the mean sea leve! depression at the breaking 
point, Hie is given by 


n. = =i ase 


eS Wa es (2) 
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Set up is a phenomenon that occurs in the surf zone 
shoreward of the breaker line. Because energy decreases 
mMiemevand in timlis zone, a different formulation for the 
wave amplitude must be used than the local value used be- 
fore. It iS assumed that the breakers being considered 
emer ot The spilling type which retain their harmonic charac- 
teristics and gradually decrease in amplitude as They 


progress shoreward such that wave height is defined by 


H =9vin th) ; (28) 


where y is the proportionality constant introduced earlier. 
moon bY neglecting frictional effects, considering only 
x-direction motion, and by assuming that any current gra- 


dients in this direction are small, equation (7) yields 





aM aS : ac 
where it cannot be assumed that n Sale timemals eaquak ton, 
2) can be determined by using I|inear wave theory and The 


xX 


shallow water approximation giving 


which inside the surf zone is equivalent to 
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Peconic niecady snare COnditions, (29) can be written as 
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Since energy decreases shoreward, it is evident that n in- 


creases and produces a set up effect. Sed (ng ) hor n 
imac ee Oo. 


where 





By applying the value of is at the breaker line, the con- 


Stant C can be eliminated and 


(0) 


Where a beach has a constant slope given by h = mx, the set 
up also has a constant slope proportional to the beach slope. 
lt should be noted that the simple solution obtained by 
aoomlcamion Of Bernoulli's integral outside the surf zone 

iS nor applicable since the motion is no longer irrovtational 


inside the surf zone. 
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fl!. APPLICATION OF A NARROW BAND WAVE 
Tee Ginumbeno. lie EXISTING THEORIES 
The expressions just considered were made as general as 
meesible in Order fo afford a simple physical understanding. 
Only a monochromatic wave train was considered and only 
steady state Sollgions were altowed. itn this chapter, un- 
Steady terms are introduced into these expressions by apply- 
ing linear wave theory in the form of a simple two frequency 
component wave spectrum simulating @ narrow band wave 
Spectrum. ln This manner an unsteady second order expression 
Meieeine mean water level, n, is derived. Next, using this 
simple spectrum, another solution for n is derived using 
Zemeeet—-Higgins'’ application of the Bernoul!i equation. Then 
Bemnecotporaring This spectrum into |wagaki's first order 
solution for a sloping bottom [1972] and applying the Longuet- 
ailaains' approach, a third solution for n is obtained. 
minmoily, tie application of the spectrum to the set up 


phenomenon inside the surf zone is considered. 


ree hve. SER DOWN 
Consider a simplified wave spectrum, specifically consist- 
ing of two waves which have nearly the same frequency and 


wave number such that one = J. Ag, and K - K 5 SS Se Sie) 


small. Also for simplicity allow their respective amplitudes 


To be identical and equal To - nls amplitude is chosen 
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in order that the variance of the simple wave spectrum and 
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the variance of a monochromatic wave amplitude are the same, 











The wave components are To be added linearly sucn that the 
Oarticle velocities become u = u + U5s lf the first order 
Metocity potential is given locally by 
p = - 29 SObn EME sin(k x, - of) , iF = 1, 2 
¥2 ck 
(31) 
where kK; iced nrOulwWwdicate direction, i.e. kk = cosa 
ee. : 7 od 
and k 7k = sina, then in general u, = me Or 
ag S SOs ct Z ) 
u., = ma cos(k.X.- OT) G52) 
ID K eosh on 4 
Since u, = U, a u, Liens «case. u becomes 
2 
aq Ty cosh K, (h+2) 
Meee &, «cosh kn SSK) X78? 
5 cosh K(h+2Z) 
i Ee. Sach a a cos(k, Sy = O57) 5 Gea) 
Z 2 Z 
So Aaver= K = Kn = Ak and Ces Aco, the subscripts may be 


dropped and (28) can be written as 
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This simplwries To 
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Ca2)) 
emmmarly, the parricie velocity in the z-direction, w, is 


obtained and is 
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(36) 
These expressions state That the particie velocities are 
Sinusoidal with a periodically varying amplitude. The modu- 
lating wave is of low frequency and with a wavelength that 
fommuen longer than Those of the original two base waves. 
The unsteady velocities specified by (35) and (36) are 
Suiesditruted into (6) and the radiation stress tensor deter- 
mined. The time averaging process is carried out over the 
Shorter periods of the base waves. Since the modulating 


wave is of such low frequency, its effects remain in The 


SOlution. Specifically, equation (6) becomes term by term 
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where E = . pga“ is the total energy density, and ve and c 


are the group velocity and phase velocity respectively; 
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and the remaining unspecified term becomes 
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mmenminruring (37), (38), and (39) into (6), the radiation 


Stress tensor becomes: 
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Smee Only second order effects are being considered and 
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~ O(a‘) the last term may be neglected, if ies ~Oby (orc 
That the proper choice of assumptions will simplify (40) 


immensely, e.g. consider only the x-direction components 


in shallow water, 


K BK. 


So 
— a—————— + ———— 
Sy LE by ) E] cos ( 


and if the waves approach the shoreline such that the angle 


a = 0, This expression further reduces to 
S = EL | + cos(Ak.x. - Aot) + 2 : (41) 
xx Ig eee Z 





limcmlesteexPpression States That The radiation stress, in 
This circumstance, is composed of a steady stress term and 
Simeone that is periodic. 

This derived form of the radiation stress is now used 
memerimd a solution for n. Recalling equations (10) and 
(Il), and as before neglecting the friction term and assum- 


Mirage that the current gradients in The x-direction are small, 


The x=component of these expressions become: 
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Byecross differentiating, The M fromm CcCanmne Cl iminaked and 
3 ana 
a Oa Gs 


is obtained. Assuming a flat bottom so that h is considered 


constant, (42) becomes 
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- 0 a= ogh oa a ie ess) 
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This is obviously the long wave equation which is being 
forced by the radiation stress term. It has a solution in 


The homogeneous case of 


n = a cos(Ak x = INO do). 
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-Cacmeeheurar solurion, make The assumption that !ed To 
equation (41), i.e., consider shallow water and a = QO. Then 


assume a particular solution of the form 


muse Oos tak x = Aot)+ B sint&k x = AoT) 
p x a“ 


Seeeeibstinuting this into equation (45), the solution for A 


eG 8 are obfained 
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A = -— > , 
9 (Aa* - ane) 


| cos(Ak x - Act) , (44) 





which is a wave with an amplitude that is proportional to 
The steady state solution of Longuet-Higgins and Stewart, 
eamanion (15). 

lf The same assumptions as before are made except that 
The bottom is allowed to vary as h = mx where m is some 
constant slope, a more difficult problem is encountered. 
Equation (42) becomes 

-? afn , ogm an + pgmx a*f = - (49°) 
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This equation again has the characteristics of the long wave 


Etc lon iman is being forced by the radiation stress. An 
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itvecanesolunion Of TNis equation would provide a general 
Pnieromeasnowever, since the depth is allowed to vary with 
x, the expression for the radiation stress term becomes com- 
memeatped and Obtaining @ parficuiar solution for (45) becomes 


eer icult. 


eee WAVE SET DOWN USING THE BERNOULLI INTEGRAL 
Recalling thar The second method of Longuet-Higgins to 


femmenmine a solution for n resulted in the equation 


An = 5 ECW + UM ) ead 


a second unsteady solution may be obtained by applying the 
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simple wave spectrum. From equations (35) and (36) UL 


2 and w* become 
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Again assuming a = 0 so that Kk = |, and Kk /k = 0 and 


poGcall img. that s* = g/k tanh kh, (46) becomes 
= | ao 
= = z 2th Den E | ate cos(Ak x = Aot) ] ° (47) 


fms solution is identical to the solution of Longuet-Hig- 
Pens (25) excep for the unsteady term. fhe set down 
fluctuates at Ao = J, - 953 which is the difference of the 
radial frequencies of the two component wave spectrum. This 
low frequency oscillation is often described as surf beat. 
The amplitude of n varies from twice the amplitude of 
(25) when the two base waves are in phase, to zero when the 
base waves are out of phase. Hence the set down can be con- 
Sidered the superposition of a steady component and an 


imeweady component. 


Seeeeinve SET OOWN ON A SLOPING BEACH 

In an effort to more accurately represent shoaling wave 
transformations, Iwagaki [1972] implicitly considers con- 
stant bottom slope resulting in solutions to the long wave 
equation involving the Bessel functions. He obtained first 
TaiomecoliniOnserOr mf and u im terms of The asymptotic form 
of the Bessel and Neumann functions. It seems reasonable 
TO assume that by incorporating these solutions into the 
Peo limim@egqm@al, 8 second G@rder solution for n can be ob- 
Tained which includes a more realistic representation of the 
bottom effects. Assuming shallow water conditions with the 


depth given by h = mx and progressive waves, 


i = = = LJ) (x) sin OF as N(x) cos o+] (48) 
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and 


a= == [J (x}cos ot + No(x)sin ot] , (49) 
V2 
Z of 
where =A Seer. “The asymptotic expansions of the Bessél 
x gm 


eameeNeumann functions are: 
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Substituting these expressions into (48) and simplifying 


ut 2 ye Pele ete) = ct) (51) 
ras vo a xX 4 


yields 
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Introducing the wave spectrum as before, squaring and time 


averaging the result, produces 





a — [Cl + cos< + Aot)] , (53) 
z=0 Z2mx TO ¥vgmx 
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By assuming that nN» is in infinitely deep water as before, 


the second order solution for 7 is 
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nN Panos les Cemliele-co s aa Teacr iil. Gee 


Meee WAVE SET UP 

ee aeoornemmatiiemof the solution for n using linear 
Theory was the superposition of a steady state component and 
an unsteady component, it is reasonable to assume that This 
condition persists across the breaker l/|ine and the set up 
resulting in the surf zone from the wave spectrum has a 
Similar makeup. The steady state component is then derived 
separately in the same manner as in Chapter I! with the 
radiation stress being now defined as the steady state por- 


memeot equation (41), or 
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and again 
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where this time the proportionality constant is again 
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iicmumomeadyemeconponen: 1S assumed to be periodic in 
Character; however, unlike the higher frequency waves of 
miemitait, Observations SUgGgeST that if is not attenuated 
Poi edpproaches the Shoreline but 1S reflected to some 
Seeui. the toOrmulation is then that of the long wave 
equation as given by Stoker [1966], 


3 a“ h dh on 
<a) ene ae Os (59) 





and the solution is given by Guza and Bowen [1977] as 
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where a is the amplitude of the incoming wave (in this case 


wee, © 15 the reflection coefficient, and € a phase 


b 
shift in the reflected wave. The frequency of this wave 
must be The same as that of the modulating wave derived out- 


Aemnmgersurs zone or Ac. By substituting the asymptotic 


form of the Bessel and Neumann functions, 


- 7 _ Zz T . 
i, = Nb Wx {cos(x-Aot pec Oe CG) ) (61) 
where @ = - +E. Since the set up shoreward was assumed to be 


Peeonmpositec Of The Two solutions (58) and (61), 
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(62) 
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Pa COMPARISONS 


The results obtained here are compared with the l|abora- 
tory experiments performed by Bowen, et al.L1968]; Figure 2. 
They obtained experimental results from a controlled wave 
tank experiment, and in each case only a@ monochromatic wave 
mes considered. Their results compare quite favorably to 
the steady state solutions of Longuet-Higgins and Stewart 
[1962]. 

Since it was assumed that the variance of the simple 
wave spectrum was equal to the variance of the monochromatic 
wave, the derived expressions differ from existing theory by 
That amount which is contributed by the modulating wave of 
the unsteady: portion. Comparing Longuet-Higgins! solution 
(25>) 


| Beh 


D Sie 2a 


a | 
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Wowie Unsteady solution (47) 


| so 


D Sienna 


= 
it 


{1 + cos (Ak x arco) el 


it is found that, by averaging the effect of the unsteady 
component, they are The identical. As mentioned earlier, 
The total effect of the unsteady motion is, in this case, 
TO produce a set down That oscillates periodically from 


Twice the steady solution to zero times it, i.e., no set 
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aeviecemecliee unUs @ Group Of waves which are close in fre- 
Miche, sanaswavoleongnn May De said TO produce in the near 
shore region a fluctuation in the mean sea level seaward of 
The breaker line. This is also demonstrated by the unsteady 
Solution obtained by allowing for a sloping bottom, equation 
m)). It too consists of a steady component and an oscillat- 
ing component. 

The initial solution, equation (44), on the other hand 
Pemcemorised Of only a@n oscillating component. However, This 
SOlution was derived in a simplistic manner by assuming that 
The depth remained constant and by solving the resulting 
differential equation. While this demonstrates that The 
mean sea level oscillates in a wave-like fashion when driven 
Pon agroup Of waves, it does little to provide insight into 
The near shore region. 

The set down can be expressed in shallow water in Terms 


of deep water conditions by using conservation of energy 
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emo occrpmeOouretTens © deep warer and the subscript s 
refers to shallow water. Tne set down in shallow water 


DY equation (25) ts Then given by 





; aeg! /2 (mx) 7744 
n =e ; Ges. 
where in shallow water sinh 2kh + 2kh and h = mx for a con- 
mam h sioping bortom. 
The set down derived from linear theory can be compared 
ied derivedmarom linear Theory for a sloping bottom, 


equation (55), by also expressing the shallow water amplitude 
for sloping bottom solutions in terms of deep water conan 
Pease. inis is accomplished by patching Stokes solution 
meee Orr Shore TO phe shallow ater solution. For a smooth 


Match it is required that, from Friedrich [1948], 


The steady state solution of (55) can now be expressed in 


terms of deep water conditions 
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occ umen coping DOoTTOm solution results in slightly 


greater set down as compared with linear theory. Numerical 
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Figure 2: Profile of Mean Sea Level 
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ae wonummese calianions, (65) and (64), are plotted in 
migure 2. 

Pvece Te nie Oreck POINnn, most Theoretical results fai | 
TO compare favorably with the experimental results. Theory 
increases set down rapidly near the break point while ex- 
perimental results tend to flatten out. This is due most 
likely to the failure of linear theory to adequately describe 
breaking waves. 

Aeough simp |istic in form, the application of the two 
frequency wave spectrum demonstrated that fluctuating 
Values are obtained for the set down and set up phenomena, 
i.e., time dependent solutions were obtained for these con- 
cepts. Hence, a group of waves, similar in frequency can 
be expected to produce a periodic variation in the mean sea 
level which becomes most apparent when they encounter a 


beach. 
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Ver PeenNG@eUS TON s 


Sieeiis Siudy, Umsteady solutjions for set down and set 
up were derived using a simple Two component wave spectrum. 
The spectral wave components were described using [linear 
Meer neory for both horizontal and sloping bottoms. The 
Sloping bottom solution involving the Bessel functions gave 
a slightly greater set down compared with that of the 
linear wave theory solution. However, both unsteady solu- 
imeonsmrormse: down showed, That fo at least a first approxi- 
mation, a steady and a fluctuating component, the steady 
component being identical to the earlier steady state 
Sonn Ons. 

The set down at the breaker line acts as The boundary 
condition driving the set up Inside the surf zone. The set 
down solution showed that the steady and unsteady components 
are simply additive. Hence, inside the surf zone a solu- 
TiOn is composed of the steady set up and a long wave, i.e., 
Sinica winiecn iS driven boy the fluctuating condition aft 


The breaker line. 
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